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(67) A connection mechanism (300) for an ultrason-
ic-vibration generating/transmitting unit (200) is provided
in each of parts constituting the ultrasonic-vibration gen-
erating/transmitting unit (200) which generates and
transmits ultrasonic vibration, the connection mechanism
connecting the parts to each other to form the ultrasonic-
vibration generating/transmitting unit (200).

When an one end portion (41a) is inserted into a
cylinder member (301) from a cylinder-side one end por-
tion (341a) and when the other end portion (51a) is in-
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serted into the cylinder member (301) from a cylinder-
side other end portion (351a) so that the other connection
portion (51g) is connected to a cylinder-side connection
portion (3519), a held portion (41c) is held by an end face
(511a) of the other end portion (51a) and a cylinder-side
protrusion portion (341c) in the axial direction of the cyl-
inder member (301), whereby the one end portion (41a)
and the other end portion (51a) are connected to each
other.
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Description
Technical Field

[0001] The present invention relates to a connection
mechanism for an ultrasonic-vibration generating/trans-
mitting unit which generates and transmits ultrasonic vi-
bration, and a production method for the ultrasonic-vi-
bration generating/transmitting unit.

Background Art

[0002] In general, an ultrasonic treatment apparatus
includes an ultrasonic vibrator which generates ultrason-
ic vibration, a probe which is connected to the ultrasonic
vibrator and which is a transmitting member to transmit
the ultrasonic vibration generated in the ultrasonic vibra-
tor, and a treatment portion which is provided at the end
of the probe and which treats, for example, a treatment
part of a living tissue with the ultrasonic vibration trans-
mitted by the probe. The ultrasonic vibrator and the probe
serve as an ultrasonic-vibration generating/transmitting
unitwhich generates ultrasonic vibration and which trans-
mits the ultrasonic vibration. The ultrasonic vibrator rep-
resents one of parts constituting the ultrasonic-vibration
generating/transmitting unit, and the probe represents
the other part.

[0003] The ultrasonic vibrator and the probe need to
be firmly coupled to each other so that the ultrasonic vi-
bration generated in the ultrasonic vibrator is fully trans-
mitted to the probe. The probe including the treatment
portion that has been once used needs to be replaced
with a probe including a clean treatment portion for each
surgical operation. Therefore, the probe is removable
from the ultrasonic vibrator unit.

[0004] For example, Patent Literature 1 has disclosed
a surgical handpiece which is an example of the above
ultrasonic treatment apparatus.

[0005] In the surgical handpiece according to Patent
Literature 1, a joint portion and a chip portion are remov-
able from each other. When the joint portion and the chip
portion are connected to each other, a depression portion
provided at the front end of the joint portion is first fitted
to a projection provided atthe rear end of the chip portion.
A fixing thread is then fastened to a connection thread
provided on the outer circumference of the distal end
portion of the joint portion. As a result, a joint surface
between the joint portion and the chip portion, and a joint
surface between the chip portion and the fixing thread
are firmly press-connected, and the joint portion and the
chip portion are connected to each other.

[0006] When the joint portion and the chip portion are
disconnected from each other, the fixing thread is sepa-
rated from the connection thread provided on the outer
circumference of the distal end portion of the joint portion.
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Citation List
Patent Literature

[0007] Patent Literature 1: Jpn. Pat. Appin. KOKAI
Publication No. 8-224252

Summary of Invention
Technical Problem

[0008] According to Patent Literature 1, when the joint
portion and the chip portion are connected to each other,
the joint surface between the joint portion and the chip
portion, and the joint surface between the chip portion
and the fixing thread need to be firmly press-connected.
Therefore, the fixing thread needs to be more toothed to
the connection thread of the joint portion. In other words,
the fixing thread needs to be rotated relative to the con-
nection thread of the joint portion more than once. On
the other hand, when the joint portion and the chip portion
are disconnected from each other, the fixing thread
needs to be separated from the connection thread.
Therefore, if the connection thread of the joint portion
and the fixing thread are toothed in more parts, it takes
time for the fixing thread to be separated. In this way,
according to Patent Literature 1, the connection opera-
tion and the disconnection operation are troublesome.
[0009] In view of the above-mentioned problems, the
present invention provides a connection mechanism for
an ultrasonic-vibration generating/transmitting unit and
a production method for the ultrasonic-vibration gener-
ating/transmitting unit which enable one of parts consti-
tuting the ultrasonic-vibration generating/transmitting
unit and the other part to be connected to and discon-
nected from each other without any trouble.

Solution to Problem

[0010] An aspect of a connection mechanism for an
ultrasonic-vibration generating/transmitting unit, the con-
nection mechanism being provided in each of parts con-
stituting the ultrasonic-vibration generating/transmitting
unit which generates and transmits ultrasonic vibration,
the connection mechanism connecting the parts to each
other to form the ultrasonic-vibration generating/trans-
mitting unit, the connection mechanism including one end
portion representing one end portion of one of the parts;
a held portion which is provided on the outer circumfer-
ential surface of the one end portion and which is provid-
ed along the circumferential direction of the one end por-
tion; other end portion representing one end portion of
the other part which is connected to the one end portion;
other connection portion which is provided on the outer
circumferential surface of the other end portion and which
is provided over the circumference of the other end por-
tion along the circumferential direction of the other end
portion; and a cylinder member, the cylinder member in-
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cluding a cylinder-side one end portion into which the
one end portion is inserted, a cylinder-side other end por-
tion into which the other end portion is inserted, a cylin-
der-side protrusion portion which is provided on the inner
circumferential surface of the cylinder-side one end por-
tion and which protrudes inward from the inner circum-
ferential surface and which is provided along the circum-
ferential direction of the cylinder-side one end portion,
and a cylinder-side connection portion which is provided
on the inner circumferential surface of the cylinder-side
other end portion and which is provided over the circum-
ference of the cylinder-side other end portion along the
circumferential direction of the cylinder-side other end
portion, wherein when the one end portion is inserted
into the cylinder member from the cylinder-side one end
portion and when the other end portion is inserted into
the cylinder member from the cylinder-side other end por-
tion so that the other connection portion is connected to
the cylinder-side connection portion, the held portion is
held by the end face of the other end portion and the
cylinder-side protrusion portion in the axial direction of
the cylinder member, whereby the one end portion and
the other end portion are connected to each other.

[0011] An aspect of a production method for an ultra-
sonic-vibration generating/transmitting unit to connect
parts constituting the ultrasonic-vibration generat-
ing/transmitting unit which generates and transmits ul-
trasonic vibration to form the ultrasonic-vibration gener-
ating/transmitting unit, wherein there are provided: one
end portion representing one end portion of one of the
parts; a held portion which is provided on the outer cir-
cumferential surface of the one end portion and which is
provided along the circumferential direction of the one
end portion; other end portion representing one end por-
tion of the other part which is connected to the one end
portion; other connection portion which is provided on
the outer circumferential surface of the other end portion
and which is provided over the circumference of the other
end portion along the circumferential direction of the oth-
er end portion; and a cylinder member, the cylinder mem-
ber including a cylinder-side one end portion into which
the one end portion is inserted, a cylinder-side other end
portion into which the other end portion is inserted, a
cylinder-side protrusion portion which is provided on the
inner circumferential surface of the cylinder-side one end
portion and which protrudes inward from the inner cir-
cumferential surface and which is provided along the cir-
cumferential direction of the cylinder-side one end por-
tion, and a cylinder-side connection portion which is pro-
vided on the inner circumferential surface of the cylinder-
side other end portion and which is provided over the
circumference of the cylinder-side other end portion
along the circumferential direction of the cylinder-side
other end portion, the production method including a
process of connecting one of the part and the other part,
the connection process including inserting one end por-
tion into the cylinder member from the cylinder-side one
end portion so that the held portion is held by the end
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face of the other end portion and the cylinder-side pro-
trusion portion in the axial direction of the cylinder mem-
ber, inserting the other end portion into the cylinder mem-
ber from the cylinder-side other end portion so that the
other connection portion is connected to the cylinder-side
connection portion, and thereby connecting the one end
portion and the other end portion to each other.

Advantageous Effects of Invention

[0012] According to the presentinvention, itis possible
to provide a connection mechanism for an ultrasonic-vi-
bration generating/transmitting unit and a production
method for the ultrasonic-vibration generating/transmit-
ting unit which enable one of parts constituting the ultra-
sonic-vibration generating/transmitting unit and the other
partto be connected to and disconnected from each other
without any trouble.

Brief Description of Drawings
[0013]

FIG. 1 is a schematic diagram of an ultrasonic treat-
ment system according to a first embodiment of the
present invention;

FIG. 2 is a schematic diagram showing the configu-
ration of an ultrasonic treatment apparatus;

FIG. 3 is an exploded perspective view of an ultra-
sonic-vibration generating/transmitting unit and a
connection mechanism;

FIG. 4A is a perspective view of one end portion of
an ultrasonic vibrator;

FIG. 4B is a side view of one end portion of the ul-
trasonic vibrator;

FIG. 4C is a front view of one end portion of the ul-
trasonic vibrator;

FIG. 5A is a front view of a cylinder member viewed
from a cylinder-side one end portion;

FIG. 5B is a sectional view taken along the line 5B-
5B shown in FIG. 5A;

FIG. 6 is a flowchart showing a production method
for the ultrasonic-vibration generating/transmitting
unit according to the first embodiment;

FIG. 7Ais adiagram illustrating Step 1 shown in FIG.
6;
FIG. 7B is adiagram illustrating Step 1 shown in FIG.
6;
FIG. 7Cis adiagramillustrating Step 2 shown in FIG.
6;

FIG. 7D is a diagramillustrating Step 2 shown in FIG.
6;

FIG. 7E is adiagram illustrating Step 2 shown in FIG.
6;
FIG. 7F is a diagramiillustrating Step 3 shown in FIG.
6;

FIG. 7G is a diagram illustrating Step 3 shown in
FIG. 6;
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FIG. 7His adiagramillustrating Step 3 shown in FIG.
6;

FIG. 7l is a diagram illustrating Step 3 shown in FIG.
6;

FIG. 7J is adiagram illustrating Step 4 shown in FIG.
6;

FIG. 7Kis a diagram illustrating Step 4 shown in FIG.
6;

FIG. 7L is adiagram illustrating Step 5 shownin FIG.
6;

FIG. 7M is a diagram illustrating Step 5 shown in
FIG. 6;

FIG. 8 is a diagram illustrating a modification of one

end portion of the ultrasonic vibrator;

FIG. 9 is an exploded perspective view of an ultra-
sonic-vibration generating/transmitting unit and a
connection mechanism according to a second em-
bodiment;

FIG. 10 is a flowchart showing a production method
for the ultrasonic-vibration generating/transmitting
unit according to the first embodiment;

FIG. 11A is a diagram illustrating Step 11 shown in
FIG. 10;

FIG. 11B is a diagram illustrating Step 11 shown in
FIG. 10;

FIG. 11C is a diagram illustrating Step 12 shown in
FIG. 10;

FIG. 11D is a diagram illustrating Step 12 shown in
FIG. 10; and

FIG. 11E is a diagram illustrating Step 13 shown in
FIG. 10.

[0014] Brief Description of Embodiments Hereinafter,
embodiments of the present invention will be described
in detail with reference to the drawings.

[First Embodiment]
[Configuration]

[0015] The first embodiment is described with refer-
enceto FIG. 1,FIG. 2, FIG. 3, FIG. 4A,FIG. 4B, FIG. 4C,
FIG. 5A, FIG. 5B, FIG. 6, FIG. 7A, FIG. 7B, FIG. 7C, FIG.
7D, FIG. 7E,FIG. 7F, FIG. 7G, FIG. 7TH, FIG. 71, FIG. 7J,
FIG. 7K, FIG. 7L, and FIG. 7M. In some of the drawings,
some components are not shown for clarity.

[Ultrasonic Treatment System (hereinafter, treatment
system 10)]

[0016] As shown in FIG. 1, the treatment system 10
includes an ultrasonic treatment apparatus (hereinafter,
treatment apparatus 20) which treats a treatment part
such as a living tissue with ultrasonic vibration, and an
electric source unit 90 which generates an electric current
for the ultrasonic vibration of the treatment apparatus 20.
The treatment system 10 further includes a cable 100
which supplies an electric current generated in the elec-
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tric source unit 90 to the treatment apparatus 20 from the
electric source unit 90 when one end of a cable 100a is
connected to the treatment apparatus 20 and the other
end portion of the cable 100a is connected to the electric
source unit90, and aninputunit 110 such as a foot switch.

[Treatment Apparatus 20]

[0017] As shown in FIG. 1 and FIG. 2, the treatment
apparatus 20 includes an ultrasonic vibrator unit (here-
inafter, vibrator unit 40) which generates ultrasonic vi-
bration by the electric current supplied from the electric
source unit 90 via the cable 100, and an ultrasonic probe
(hereinafter, probe 51) which is connected to the vibrator
unit 40 and which is a transmission member to transmit
the ultrasonic vibration generated in the vibrator unit 40.
The treatment apparatus 20 further includes a sheath
unit 60 into which the probe 51 is inserted, and a treat-
ment portion 70 which treats the treatment part with the
ultrasonic vibration transmitted by the probe 51.

[Vibrator Unit 40]

[0018] As shownin FIG. 1 and FIG. 2, the vibrator unit
40 includes an ultrasonic vibrator (hereinafter, vibrator
41) which generates ultrasonic vibration, and a case 49
which houses the vibrator 41.

[0019] As shown in FIG. 2, the vibrator 41 includes a
piezoelectric element 43 which converts the electric cur-
rent supplied from the electric source unit 90 to ultrasonic
vibration, and a horn 45 which amplifies the amplitude of
the ultrasonic vibration generated in the piezoelectric el-
ement 43.

[0020] As shown in FIG. 2, the piezoelectric element
43 has, for example, a ring-shape, and more than one
piezoelectric element 43 is provided. The piezoelectric
elements 43 are in close contact with one another along
the longitudinal axis direction of the vibrator 41 (probe
51). The piezoelectric element 43 is connected to the
cable 100.

[0021] As shownin FIG. 2, the horn 45 has, for exam-
ple, a columnar shape, and is connected to the piezoe-
lectric element 43. The horn 45 is attached to the case
49 so that the distal end portion of the horn 45 protrudes
from the case 49. The horn 45 is an amplitude increasing
portion which increases the amplitude of ultrasonic vi-
bration.

[0022] This vibrator 41 is, for example, a bolt-clamped
Langevin type transducer (BLT).

[Probe 51]

[0023] As shown in FIG. 2, the probe 51 is formed by
an elongated member having a longitudinal axis. This
probe 51 has the same thickness as, for example, that
of the distal end portion of the horn 45. As shown in FIG.
2, the probe 51 includes one end portion 51a which is
connected to one end portion 41a of the vibrator 41 rep-
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resenting the distal end portion of the horn 45, and the
other end portion 51b which transmits ultrasonic vibration
to the treatment part as shown in FIG. 1. The ultrasonic
vibration is transmitted to the one end portion 51a from
the vibrator 41. The ultrasonic vibration is then transmit-
ted to the side of the other end portion 51b of the probe
51 from the one end portion 51a of the probe 51. The
treatment portion 70 is formed in the other end portion
51b of the probe 51.

[Sheath Unit 60]

[0024] As shown in FIG. 1 and FIG. 2, the sheath unit
60 includes a sheath 61 through which the probe 51 is
inserted, and a holding case 63 which is provided be-
tween the case 49 and the sheath 61 and whichis coupled
to the case 49 and which holds the case 49 and the sheath
61.

[0025] The sheath 61 has, for example, a cylindrical
shape. The sheath 61 includes one end portion connect-
ed to the holding portion 63 as shown in FIG. 2, and the
other end portion from which the other end portion 51b
of the probe 51 protrudes as shown in FIG. 1.

[0026] The holding portion 63 has, for example, a cy-
lindrical shape. The holding portion 63 includes a one
end portion connected to the one end portion of the
sheath 61, and the other end portion connected to the
case 49. For example, inside the holding portion 63, the
one end portion 51a of the probe 51 and the one end
portion41aofthe vibrator41 are connected to each other.
In this case, the one end portion 51a of the probe 51 is
inserted from the one end portion side of the holding por-
tion 63, and the one end portion 41a of the vibrator 41 is
inserted from the other end portion side of the holding
portion 63.

[Treatment Portion 70]

[0027] As shown in FIG. 1, the treatment portion 70
includes the other end portion 51b of the probe 51 which
ultrasonically vibrates.

[Electric Source Unit 90]

[0028] The electric source unit 90 includes an ultrason-
ic control portion 91a which is connected to the input unit
110 and which controls an electric current for ultrasonic
vibration in accordance with an input amount of the input
unit 110.

[Ultrasonic-vibration Generating/Transmitting Unit (here-
inafter, Generating/Transmitting Unit 200) - Connection
Mechanism 300]

[0029] As shown in FIG. 2 and FIG. 3, the treatment
apparatus 20 further includes a generating/transmitting
unit 200 which is constituted by parts connected to one
another, generates ultrasonic vibration and transmits ul-
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trasonic vibration to the treatment portion 70, and a con-
nection mechanism 300 which s provided in each of parts
constituting the generating/transmitting unit 200 and
which connects the parts to one another to constitute the
generating/transmitting unit 200.

[Generating/Transmitting Unit 200]

[0030] As shown in FIG. 2 and FIG. 3, the generat-
ing/transmitting unit 200 includes, for example, the vibra-
tor 41 and the probe 51 that have been described above,
according to the present embodiment. In this case, the
vibrator 41 represents one of parts constituting the gen-
erating/transmitting unit 200, and the probe 51 repre-
sents the other part. In this way, the generating/transmit-
ting unit 200 is constituted by more than one part.

[Connection Mechanism 300 provided in Vibrator 41]

[0031] AsshowninFIG. 3, FIG. 4A, FIG. 4B, and FIG.
4C, the connection mechanism 300 includes the colum-
nar one end portion 41a of the vibrator 41, and a held
portion 41c which is provided on the outer circumferential
surface of the one end portion 41a of the vibrator 41 and
which is provided along the circumferential direction of
the one end portion 41a. The connection mechanism 300
further includes an abutment portion 41e which is pro-
vided on the outer circumferential surface of the one end
portion 41a of the vibrator 41 and which is provided along,
for example, the axial direction of the one end portion
41a and which comes into abutment with a later-de-
scribed cylinder-side protrusion portion 341c. The one
end portion 41a of the vibrator 41 is one end portion rep-
resenting one end portion of one of parts.

[0032] AsshowninFIG.3andFIG. 4A, the held portion
41c and the abutment portion 41e are protrusion portions
diametrically protruding from the outer circumferential
surface of the one end portion 41a. The held portion 41¢c
and the abutmentportion41e are, forexample, columnar.
The held portion 41¢ and the abutment portion 41e are,
for example, integrated with the one end portion 41a.
One end portion of the held portion 41c and one end
portion of the abutment portion 41e are, for example,
connected to each other, and the held portion 41c and
the abutment portion 41e are integrated with each other.
The held portion 41c and the abutment portion 41e func-
tion as a positioning portion 41g which positions the one
end portion 41a relative to a later-described cylinder
member 301.

[0033] AsshowninFIG.4B,the positioning portion41g
is substantially L-shaped. As shown in FIG. 4A and FIG.
4C, two positioning portions 41g, for example, are pro-
vided, and are provided 180 degrees apart from each
other in the circumferential direction. For example, the
positioning portions 41g are provided rotationally sym-
metrically with respect to the central axis of the one end
portion 41a.

[0034] AsshowninFIG. 4A, FIG. 4B, and FIG. 4C, the
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one end portion 41a has an end face 411a provided at
the extreme end in the axial direction of the vibrator 41.
The held portion 41c¢ has an end face 411c provided at
the extreme end in the axial direction of the vibrator 41.
The end face 411a and the end face 411c are formed in
a plane that intersects at right angles with the axial di-
rection of the one end portion 41a, and are flush. The
end face 411a and the end face 411c are connected to
each other, and are planes.

[0035] AsshowninFIG. 7J and FIG. 7K, the held por-
tion 41c is held between an end face 511a of the one end
portion 51a of the probe 51 and the cylinder-side protru-
sion portion 341c in the axial direction of the cylinder
member 301.

[0036] When the one end portion 41a of the vibrator
41 is inserted into the cylinder member 301 from a later-
described cylinder-side one end portion 341a as shown
in FIG. 7C, the abutment portion 41e is provided colline-
arly with the later-described cylinder-side protrusion por-
tion 341c in the circumferential direction of the cylinder
member 301 as shown in FIG. 7D and FIG. 7E. When
the held portion 41c is held between the end face 511a
of the one end portion 51a of the probe 51 and the cyl-
inder-side protrusion portion 341c in the axial direction
of the cylinder member 301 as shown in FIG. 7J and FIG.
7K, the abutment portion 41e is in abutment with the cyl-
inder-side protrusion portion 341c in the axial direction
of the cylinder member 301.

[0037] Asshownin FIG. 4A and FIG. 4C, the connec-
tion mechanism 300 includes a depression portion 41h
which is depressed in the end face 411a and which is
provided on the central axis of the vibrator 41. The de-
pression portion 41h is, for example, columnar.

[0038] AsshowninFIG. 4B and FIG. 4C, the length of
the held portion 41c in the circumferential direction of the
one end portion 41a is L1. As shown in FIG. 4C, the
length from one held portion 41c to the other held portion
41c in the diametrical direction of the one end portion
41a is L2. As shown in FIG. 4B, the width of the held
portion 41c is W1 in the axial direction of the one end
portion 41a. As shown in FIG. 4B, the width of the abut-
ment portion 41e is W2 in the axial direction of the one
end portion 41a. As shown in FIG. 4B and FIG. 4C, the
diameter of the end face 411ais D1.

[Connection Mechanism 300 provided in Probe 51]

[0039] Asshownin FIG. 3, the connection mechanism
300 includes the columnar one end portion 51a of the
probe 51 to be connected to the one end portion 41a of
the vibrator 41, and a probe-side connection portion 51g
which is provided on the outer circumferential surface of
the one end portion 51a of the probe 51 and which is
provided over, for example, the circumference of the one
end portion 51a around the axis of the one end portion
51a. The one end portion 51a of the probe 51 is other
end portion representing one end portion of the other part.
[0040] As shown in FIG. 2, the one end portion 51a
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has substantially the same thickness as the one end por-
tion 41a of the vibrator 41. As shown in FIG. 2, when the
vibrator 41 and the probe 51 are connected to each other,
the central axis of the probe 51 including the one end
portion 51a is provided coaxially with the central axis of
the vibrator 41 including the one end portion 41a.
[0041] As shown in FIG. 3, the one end portion 51a
has the end face 511a provided at the extreme end in
the axial direction of the probe 51. The end face 511a is
a plane formed in a plane that intersects at right angles
with the axial direction of the one end portion 51a. The
end face 511a is substantially the same size as the end
face 411a. A diameter D2 of the end face 511a is, for
example, substantially the same as the length L2.
[0042] The probe-side connection portion 519 is, for
example, a thread groove, and is the other connection
portion.

[0043] AsshowninFIG. 3, the connection mechanism
300 further includes a protrusion portion 51h which is
provided to protrude from the end face 511a and which
is provided on the central axis of the probe 51 and which
is fitted into the depression portion 41h. The protrusion
portion 51h is, for example, columnar.

[Components unique to Connection Mechanism 300]

[0044] As shownin FIG. 2 and FIG. 3, the connection
mechanism 300 further includes the cylinder member
301.

[0045] As shown in FIG. 3, the cylinder member 301
has the cylinder-side one end portion 341a representing
one end portion of the cylinder member 301 into which
the one end portion 41a of the vibrator 41 is inserted, and
a cylinder-side other end portion 351a representing the
other end portion of the cylinder member 301 into which
the one end portion 51a of the probe 51 is inserted.
[0046] As shown in FIG. 3, FIG. 5A, and FIG. 5B, the
cylinder member 301 has the cylinder-side protrusion
portion 341c which is provided on the inner circumferen-
tial surface of the cylinder-side one end portion 341a and
which protrudes to inside of the cylinder member 301
from the inner circumferential surface and which is pro-
vided along the circumferential direction of the cylinder-
side one end portion 341a. The cylinder member 301
further includes a cylinder-side connection portion 351g
which is provided on the inner circumferential surface of
the cylinder-side other end portion 351a and which is
provided over the circumference of the cylinder-side oth-
er end portion 351a along the circumferential direction
of the cylinder-side other end portion 351a and which is
connected to the probe-side connection portion 51g
when the one end portion 51a of the probe 51 is inserted
into the cylinder-side other end portion 351a.

[0047] When the one end portion 51a of the probe 51
is inserted into the cylinder-side other end portion 351a
as shown in FIG. 7A so that the cylinder-side connection
portion 351g is connected to the probe-side connection
portion 51g as shown in FIG. 7B, the cylinder-side pro-



11 EP 2 859 857 A1 12

trusion portion 341c protrudes from the inner circumfer-
ential surface collinearly with part of the end face 511a
in the axial direction of the cylinder member 301 as shown
inFIG.7B. As shownin FIG. 5A and FIG. 5B, the cylinder-
side protrusion portion 341c is integrated with the cylin-
der-side one end portion 341a.

[0048] The cylinder-side protrusion portion 341c has
only to be provided in the same manner as the held por-
tion 41c. Thus, as shown in FIG. 3 and FIG. 5A, two
cylinder-side protrusion portions 341c, for example, are
provided, and are provided 180 degrees apart from each
other in the circumferential direction. As shown in FIG.
5A, the length of the cylinder-side protrusion portion 341¢
in the circumferential direction of the cylinder member
301 is substantially the same as, for example, the length
L1.

[0049] AsshowninFIG.3 and FIG. 5A, a space portion
303 is formed between one cylinder-side protrusion por-
tion 341c and the other cylinder-side protrusion portion
341cin the circumferential direction of the cylinder mem-
ber 301. The space portion 303 has substantially the
same shape as the held portion 41c. The space portion
303 is in communication with the inside of the cylinder
member 301 in the axial direction of the cylinder member
301.

[0050] As shown in FIG. 5A, the length of the space
portion 303 in the circumferential direction of the cylinder
member 301 is W3. This length W3 represents the dis-
tance between one cylinder-side protrusion portion 341c
and the other cylinder-side protrusion portion 341cin the
circumferential direction of the cylinder member 301. The
length W3 is greater than the length L1, and the cylinder-
side protrusion portions 341c are provided apart from
each other in the circumferential direction of the cylinder
member 301 so that the held portion 41c¢ is inserted into
the cylinder member 301 via the space portion 303 in the
axial direction of the cylinder member 301.

[0051] Thatis, as shownin FIG.5A, aninside diameter
D2 of the one end portion 41a is substantially the same
as the length L2 in the diametrical direction of the cylinder
member 301. This inside diameter D2 represents the
length from one space portion 303 to the other space
portion 303.

[0052] AsshowninFIG. 5A and FIG. 5B, a space por-
tion 305 is formed between one cylinder-side protrusion
portion 341c and the other cylinder-side protrusion por-
tion 341c in the circumferential direction of the cylinder
member 301. The space portion 305 is in communication
with the inside of the cylinder member 301 in the axial
direction of the cylinder member 301. The space portion
305 is in communication with the space portion 303 in
the diametrical direction of the cylinder member 301. The
space portion 305 is held between the space portions
303.

[0053] The space portion 305 has substantially the
same shape as the one end portion 41a of the vibrator
41. The length of the space portion 305 is D3 in the dia-
metrical direction of the cylinder member 301. This length
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D3 represents the distance between one cylinder-side
protrusion portion 341c and the other cylinder-side pro-
trusion portion 341c in the diametrical direction of the
cylinder member 301. The cylinder-side protrusion por-
tions 341c are provided apart from each other in the di-
ametrical direction of the cylinder member 301 so that
the length D3 is substantially the same as the diameter
D1, the one end portion 41a of the vibrator 41 is inserted
into the cylinder member 301 via the space portion 305
in the axial direction of the cylinder member 301.
[0054] As shown in FIG. 3, FIG. 5A, and FIG. 5B, the
cylinder-side one end portion 341a has an end face 341b
provided at the extreme end in the axial direction of the
cylinder member 301. As shown in FIG. 3, FIG. 5A, and
FIG. 5B, the cylinder-side protrusions 341c has an end
face 341d provided at the extreme end in the axial direc-
tion of the cylinder member 301. As shown in FIG. 3, FIG.
5A, and FIG. 5B, the end face 341b and the end face
341d are formed in a plane that intersects at right angles
with the axial direction of the cylinder member 301, and
are flush. The end face 341b and the end face 341d are
connected to each other, and are planes.

[0055] When the one end portion 51a of the probe 51
is inserted into the cylinder member 301 from the cylin-
der-side other end portion 351a as shown in FIG. 7A so
that the probe-side connection portion 51g is connected
to the cylinder-side connection portion 351g as shown in
FIG. 7B, the cylinder-side protrusion portion 341c is pro-
vided at a distance equal to or more than the width W1
of the held portion 41c from the end face 511ain the axial
direction of the cylinder member 301 as shown in FIG.
7B. Atthe same time, the cylinder-side protrusion portion
341c is provided relative to the end face 511a within the
sum of the width W1 and the width W2 in the axial direc-
tion of the cylinder member 301. That is, as shown in
FIG. 7B, W1<W4<W1+W2, wherein W4 is the distance
between the cylinder-side protrusion portion 341c and
the end face 511a in the axial direction of the cylinder
member 301.

[0056] The cylinder-side protrusion portion 341cisalso
provided so that the held portion 41cis provided between
the end face 511a of the one end portion 51a and a plane
where the cylinder-side protrusion portion 341c is pro-
vided as shown in FIG. 7E in the axial direction of the
cylinder member 301 when the one end portion 41a of
the vibrator 41 is inserted into the cylinder member 301
from the cylinder-side one end portion 341a as shown in
FIG. 7C. The plane where the cylinder-side protrusion
portion 341c is provided represents a plane in the dia-
metrical direction of the cylinder member 301.

[0057] Thecylinder-side protrusion portion 341cisalso
provided so that at least part of the abutment portion 41e
is provided collinearly with the cylinder-side protrusion
portion 341c in the circumferential direction of the cylin-
der member 301 as shown in FIG. 7D and FIG. 7E when
the one end portion 41a of the vibrator 41 is inserted into
the cylinder member 301 from the cylinder-side one end
portion 341a as shown in FIG. 7C.
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[0058] The insertion of the one end portion 41a of the
vibrator 41 into the cylinder member 301 from the cylin-
der-side one end portion 341a represents that the held
portion 41c is inserted into the cylinder member 301 via
the space portion 303 in the axial direction of the cylinder
member 301, and at the same time, the one end portion
41a of the vibrator 41 is inserted into the cylinder member
301 via the space portion 305 in the axial direction of the
cylinder member 301, as shown in FIG. 3.

[0059] The cylinder-side protrusion portion 341cis also
provided so that the abutment portion 41e comes into
abutment with the cylinder-side protrusion portion 341c
in the circumferential direction of the cylinder member
301 as shown in FIG. 7H and FIG. 71 when the one end
portion 41a of the vibrator 41 is rotated relative to the
cylinder member 301 around the axis of the cylinder
member 301 as shown in FIG. 7F and FIG. 7G after the
insertion of the one end portion 41a of the vibrator 41
into the cylinder member 301 from the cylinder-side one
end portion 341a as shown in FIG. 7C. The cylinder-side
protrusion portion 341c¢ regulates the rotation of the one
end portion 41a of the vibrator 41 relative to the cylinder
member 301 when the abutment portion 41e comes into
abutment with the cylinder-side protrusion portion 341c.
[0060] The cylinder-side protrusion portion 341cis also
provided so that the held portion 41cis provided between
the end face 511a and the cylinder-side protrusion por-
tion 341c in the axial direction of the cylinder member
301 while the abutment portion 41e is in abutment with
the cylinder-side protrusion portion 341c as shown in
FIG. 71.

[0061] Thecylinder-side protrusion portion 341cis also
provided so that the held portion 41c is held between the
end face 511a and the cylinder-side protrusion portion
341c as shown in FIG. 7J and FIG. 7K when at least one
of the one end portion 41a of the vibrator 41 and the one
end portion 51a of the probe 51 is rotated relative to the
cylinder member 301 around the axis of the cylinder
member 301 and then further inserted into the cylinder
member 301 so that the width W4 which is the distance
between the end face 511a and the cylinder-side protru-
sion portion 341c is reduced to the width W1 as shown
in FIG. 7J and FIG. 7K. Here, the held portion 41c is
provided between the end face 511a and the cylinder-
side protrusion portion 341c in the axial direction of the
cylinder member 301 while the abutment portion 41e is
in abutment with the cylinder-side protrusion portion
341c. As shown in FIG. 7J and FIG. 7K, the cylinder-side
protrusion portion 341c is then provided so that the held
portion 41c is in close contact with the end face 511a
without any space therebetween and so that the held
portion 41c is in close contact with the cylinder-side pro-
trusion portion 341c without any space therebetween.
[0062] The cylinder-side connection portion 3519 is,
for example, a thread groove which engages with the
probe-side connection portion 51g.

10

15

20

25

30

35

40

45

50

55

[Production Method for Generating/Transmitting Unit200
- FIG. 6]

[Step 1 - Process of Temporarily Connecting Cylinder
Member 301 and Probe 51 -FIG. 6, FIG. 7A, and FIG. 7B]

[0063] The probe-side connection portion 51g and the
cylinder-side connection portion 351g are connected to
each other in the axial direction of the cylinder member
301, and the one end portion 51a of the probe 51 is in-
serted into the cylinder member 301 from the cylinder-
side other end portion 351a as shown in FIG. 7A so that
the end face 511a is provided at a distance equal to or
more than the width W1 from the cylinder-side protrusion
portion 341c¢ in the axial direction of the cylinder member
301 as shown in FIG. 7B. At the same time, the one end
portion 51a is inserted into the cylinder member 301 if
one ofthe one end portion 51a and the cylinder-side other
end portion 351a is rotated halfway relative to the other.
[0064] The one end portion 51a is inserted into the cyl-
inder-side other end portion 351a so that the abutment
portion 41e will come into abutment with the cylinder-side
protrusion portion 341cwhen atleast part of the abutment
portion 41e is provided collinearly with the cylinder-side
protrusion portion 341c¢ in the circumferential direction of
the cylinder member 301 in later-described Step 2 (see
FIG. 7E) and when the one end portion 41a of the vibrator
41 is rotated relative to the cylinder member 301 in Step
3 (see FIG. 7G and FIG. 7I).

[Step 2 - Process of Inserting Vibrator 41 into Cylinder
Member 301 - FIG. 6, FIG. 7C, FIG. 7D, and FIG. 7E]

[0065] The held portion41cisinsertedinto the cylinder
member 301 via the space portion 303 in the axial direc-
tion of the cylinder member 301 as shown in FIG. 7C and
FIG. 7D so that the protrusion portion 51h is fitted into
the depression portion 41h as shown in FIG. 7E. At the
same time, the one end portion 41a of the vibrator 41 is
inserted into the cylinder member 301 via the space por-
tion 305 in the axial direction of the cylinder member 301
as shown in FIG. 7C and FIG. 7D.

[0066] Here, the one end portion 41a of the vibrator 41
is inserted into the cylinder member 301 from the cylin-
der-side one end portion 341a in the axial direction of the
cylinder member 301 so that the held portion 41c is pro-
vided between the end face 511a and the plane where
the cylinder-side protrusion portion 341c is provided in
the axial direction of the cylinder member 301 as shown
in FIG. 7E. At the same time, the one end portion 41a of
the vibrator 41 is inserted into the cylinder member 301
from the cylinder-side one end portion 341a in the axial
direction of the cylinder member 301 so that the at least
part of the abutment portion 41e is provided collinearly
with the cylinder-side protrusion portion 341c in the cir-
cumferential direction of the cylinder member 301 as
shown in FIG. 7D and FIG. 7E.

[0067] Here, the one end portion 41a is also inserted
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into the cylinder member 301 from the cylinder-side one
end portion 341a so that the end face 411a and the end
face 411c will come into abutment with the end face 511a
as shown in FIG. 7E.

[Step 3 - Process of Temporarily Connecting Cylinder
Member 301 and Vibrator 41 - FIG. 6, FIG. 7F, FIG. 7G,
FIG. 7H, and FIG. 71]

[0068] The one end portion 41a of the vibrator 41 is
rotated halfway relative to the cylinder member 301
around the axis of the cylinder member 301 as shown in
FIG. 7F and FIG. 7G so that the abutment portion 41e
will come into abutment with the cylinder-side protrusion
portion 341c in the circumferential direction of the cylin-
der member 301 as shown in FIG. 7H and FIG. 7l and in
this abutment condition, the held portion 41c is provided
between the end face 511a and the cylinder-side protru-
sion portion 341c in the axial direction of the cylinder
member 301 as shown in FIG. 7H and FIG. 71.

[Step 4 - Process of Connecting Vibrator 41 and Probe
51-FIG. 6, FIG. 7J, and FIG. 7K]

[0069] At least one of the one end portion 41a of the
vibrator 41 and the one end portion 51a of the probe 51
is rotated around the axis of the cylinder member 301
and further inserted into the cylinder member 301 so that
the width W4 shown in FIG. 7B which is the distance
between the end face 511a and the cylinder-side protru-
sion portion 341c is reduced to the width W1 shown in
FIG. 7J and so that the held portion 41c is held between
the end face 511a and the cylinder-side protrusion por-
tion 341c in the axial direction of the cylinder member
301asshowninFIG.7Jand FIG.7K.FIG. 7Kis adiagram
showing the condition in FIG. 7J seen from another po-
sition.

[0070] Here, for example, the one end portion 41a is
rotated halfway clockwise relative to the cylinder member
301, and the one end portion 51a is rotated halfway coun-
terclockwise relative to the cylinder member 301.
[0071] As a result, from the condition in Step 1, the
probe-side connection portion 51g and the cylinder-side
connection portion 351g further engage with each other,
and the one end portion 51a is further inserted into the
cylinder member 301 from the cylinder-side other end
portion 351a as shown in FIG. 7J and FIG. 7K.

[0072] When the held portion 41c is held between the
end face 511a and the cylinder-side protrusion portion
341c as shown in FIG. 7K and FIG. 7J, the held portion
41c is in close contact with the end face 511a without
any space therebetween, and in close contact with the
cylinder-side protrusion portion 341c without any space
therebetween. Thus, the vibrator 41 and the probe 51
are firmly connected to each other without being out of
alignment in the axial direction and the circumferential
direction.

[0073] AsshowninFIG.7KandFIG.7J, sincethe abut-
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ment portion 41e comes into abutment with the cylinder-
side protrusion portion 341c, the vibrator 41 and the
probe 51 are more firmly connected to each other without
being out of alignment in the circumferential direction.

[Step 5 - Process of Disconnecting Vibrator 41 and Probe
51 -FIG. 6, FIG. 7L, and FIG. 7M]

[0074] From the condition in Step 4, for example, the
one end portion 51a is rotated halfway clockwise relative
to the cylinder member 301 so that the held portion 41¢
will be separated from the cylinder-side protrusion portion
341c and the held portion 41c will be released from the
condition in which the held portion 41c is held between
the end face 511a and the cylinder-side protrusion por-
tion 341c as shown in FIG. 7L.

[0075] The one end portion 41a of the vibrator 41 is
then rotated, for example, halfway counterclockwise rel-
ative to the cylinder member 301 so that the abutment
portion 41e will be separated from the cylinder-side pro-
trusion portion 341c in the circumferential direction of the
cylinder member 301 and so that the held portion 41¢c
will be provided in the space portion 303 in the axial di-
rection of the cylinder member 301 as shown in FIG. 7L.
[0076] As shown in FIG. 7M, the one end portion 41a
of the vibrator 41 is then removed from the cylinder mem-
ber 301 in the axial direction of the cylinder member 301.

[Advantageous Effects in Connection Processes (Steps
1,2, 3,and 4)]

[0077] According to the present embodiment, the vi-
brator 41 and the probe 51 are connected to each other
by the cylinder member 301 as described above.
[0078] However, according to the present embodi-
ment, in the production method for the generating/trans-
mitting unit 200, after the vibrator 41 and the probe 51
are connected to each other, it is not necessary that the
probe 51 be inserted into the cylinder member 301 from
the other end portion 51b of the probe 51, that the cylinder
member 301 slide on the probe 51 toward the one end
portion 51a from the other end portion 51b of the probe
51, that the cylinder member 301 be rotated more than
once, and that the cylinder member 301 fasten the con-
nection part between the vibrator 41 and the probe 51
by rotation.

[0079] According to the present embodiment, the vi-
brator 41 is temporarily connected to the cylinder mem-
ber 301 as shown in Steps 2 and 3 while the cylinder
member 301 is temporarily connected to the one end
portion 51a of the probe 51 as shown in Step 1. Finally,
as shown in Step 4, the vibrator 41 and the probe 51 then
rotate halfway relative to each other, and the held portion
41c is held by the end face 511a and the cylinder-side
protrusion portion 341c, so that the vibrator 41 and the
probe 51 are connected to each other.

[0080] Thus,accordingtothe presentembodiment, the
number of rotations of the cylinder member 301 can be
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reduced, and the connecting operation can be performed
without any trouble.

[0081] Accordingtothe presentembodiment, sincethe
end face 511a and the cylinder-side protrusion portion
341c hold the held portion 41c in between, the vibrator
41 and the probe 51 can be firmly connected to each
other without being out of alignment in the axial direction
and the circumferential direction.

[0082] Accordingtothe presentembodiment, sincethe
abutment portion 41e comes into abutment with the cyl-
inder-side protrusion portion 341c, the vibrator 41 and
the probe 51 can be more firmly connected to each other
without being out of alignment in the circumferential di-
rection, and the rotation of the vibrator 41 can be regu-
lated.

[0083] Accordingtothe presentembodiment, sincethe
vibrator 41 and the probe 51 can be firmly connected to
each other, ultrasonic vibration can be fully transmitted
to the probe 51 from the vibrator 41.

[0084] According to the present embodiment, in Step
2, since the protrusion portion 51h is fitted into the de-
pression portion 41h, the vibrator 41 can be easily posi-
tioned relative to the probe 51. Moreover, according to
the present embodiment, since the space portion 303
has substantially the same shape as the held portion 41c,
and the space portion 305 has substantially the same
shape as the one end portion 41a, vibrator 41 can be
easily positioned relative to the probe 51.

[0085] According to the present embodiment, a man-
ufacturer can perform the process in Step 1, for example,
at a manufacturing factory, and the user who uses the
treatment apparatus 20 can perform the processes in
Steps 2, 3, and 4. Therefore, according to the present
embodiment, it is possible to save the user the trouble
and improve usability.

[0086] According to the present embodiment, since,
for example, the cylinder member 301 does not need to
slide on the probe 51 during the connecting operation, it
is possible to prevent the cylindermember 301 from being
worn by sliding.

[0087] According to the present embodiment, the held
portion 41c and the abutment portion 41e are provided
in the one end portion 41a of the vibrator 41, and the end
face 411a and the end face 411c are flush, so that the
cylinder member 301 can be reduced in length.

[0088] Accordingtothe presentembodiment, sincethe
end face 511a is substantially the same size as the end
face 411a, ultrasonic vibration can be fully transmitted to
the probe 51 from the vibrator 41.

[Advantageous Effects in Disconnection Process (Step

S)

[0089] According to the present embodiment, the cyl-
inder member 301 does not need to be separated from
the vibrator 41 and the probe 51 as shown in Step 5.
Thus, according to the present embodiment, in the dis-
connecting operation, the number of rotations of the cyl-
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inder member 301 can be reduced, and the disconnect-
ing operation can be performed without any trouble.
[0090] According to the present embodiment, in the
disconnecting operation, for example, the cylinder mem-
ber 301 does not need to slide on the probe 51 toward
the other end portion 51b from the one end portion 51a
of the probe 51. Therefore, according to the present em-
bodiment, it is possible to prevent the cylinder member
301 from being worn by sliding.

[0091] According to the present embodiment, the flow
returns to Step 2 after Step 5, so that the probe 51 can
be quickly replaced.

[0092] According to the present embodiment, the vi-
brator 41 has the held portion 41c and the abutment por-
tion 41e, and the probe 51 has the probe-side connection
portion 51g. However, the present invention does not
need to be limited to this. It is only necessary that one of
the vibrator 41 and the probe 51 have either the held
portion 41c and the abutment portion 41e or the probe-
side connection portion 51g, and that the other of the
vibrator 41 and the probe 51 have either the held portion
41c and the abutment portion 41e or the probe-side con-
nection portion 51g. Accordingly, the cylinder member
301 has only to have the cylinder-side protrusion portion
341con the side of the held portion 41¢ and the abutment
portion 41e, and have the cylinder-side connection por-
tion 351g on the side of the probe-side connection portion
51g.

[0093] According tothe presentembodiment, the abut-
ment portion 41e is provided along the axial direction of
the one end portion 41a, and connected to the held por-
tion 41c. However, itis only necessary that the abutment
portion 41e can come into abutment with the cylinder-
side protrusion portion 341c in Step 3. Thus, the abut-
ment portion 41e has only to be provided to come into
abutment with the cylinder-side protrusion portion 341¢c
in the circumferential direction of the cylinder member
301 when the held portion 41c is held by the end face
511a and the cylinder-side protrusion portion 341c.
Therefore, the abutment portion 41e is not particularly
limited in its location, shape, and size.

[Modifications]

[0094] According tothe presentembodiment, since the
held portion 41c is held by the end face 511a and the
cylinder-side protrusion portion 341c, the vibrator 41 and
the probe 51 are firmly connected to each other without
being out of alignment in the axial direction and the cir-
cumferential direction. Therefore, as shown in FIG. 8, the
held portion 41c alone has only to be provided, and the
abutment portion 41e does not always need to be pro-
vided. In this case, for example, in Step 4, since the cyl-
inder member 301 or the probe 51, for example, is rotat-
ed, the held portion 41c is held by the end face 511a and
the cylinder-side protrusion portion 341c.

[0095] When, for example, the held portion 41c alone
is provided, the protrusion portion 51h and the depres-
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sion portion 41h do not need to be columnar. In this case,
the protrusion portion 51h and the depression portion
41h may have a shape such as a rectangular shape that
prevents the vibrator 41 from being rotated relative to the
probe 51. In this case, for example, in Step 4, the cylinder
member 301, for example, is rotated, so that the held
portion 41c is held by the end face 511a and the cylinder-
side protrusion portion 341c. In this case, according to
the present embodiment, the vibrator 41 and the probe
51 can be positioned in the circumferential direction, and
can be firmly connected to each other without being out
of alignment in the circumferential direction.

[Second Embodiment]

[Differences between Second Embodimentand First Em-
bodiment]

[0096] According to the first embodiment, the one end
portion 41a of the vibrator 41 is inserted into the cylinder
member 301 in the axial direction of the cylinder member
301, as shown in FIG. 3. However, the one end portion
41a of the vibrator 41 according to the present embodi-
ment slides on to the cylinder member 301 in the diamet-
rical direction of the cylinder member 301 and is thereby
inserted into the cylinder member 301, as shown in FIG.
9.

[Configuration]
[Vibrator 41]

[0097] AsshowninFIG.9, the vibrator 41 includes the
columnar one end portion 41a, and the columnar other
end portion 41b which is provided coaxially with the one
end portion 41a and which is thicker than the one end
portion 41a.

[0098] The one end portion 41a is formed by a cutout
end portion 41m connected to the other end portion 41b,
and a columnar edge end portion 41n which is provided
coaxially with the cutout end portion 41m and which is
connected to the cutout end portion 41m.

[0099] The cutout end portion 41m has the shape of a
column that is partly cut out. The cutout end portion 41m
has, for example, a rectangular planar portion 411m
formed by being cut out. The planar portion 411m is de-
pressed from the outer circumferential surface of the cut-
out end portion 41m toward the central axis of the one
end portion 41a. The planar portion 411m has a length
L3 in the diametrical direction of the one end portion 41a
which intersects at right angles with the depression di-
rection, and has a width L4 in the axial direction of the
one end portion 41a. The planar portion 411m is con-
nected to the circumferential surface of the cutout end
portion 41m. Two planar portions 411m, forexample, are
provided, and are provided 180 degrees apart from each
other in the circumferential direction.

[0100] The cutout end portion 41m has a section
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formed along a sliding direction that intersects at right
angles with the plane direction of the planar portion411m.
This section is formed by the planar portions 411m as an
elliptic shape having two straight lines provided parallel
to each other. More specifically, the section is formed by
two straight lines parallel to each other, and two arcs
which form part of a circle and which are connected to
the ends of the straight lines.

[0101] The planar portion 411m functions as a preven-
tion mechanism 600 which is provided on the outer cir-
cumferential surface of the one end portion 41a of the
vibrator 41 and which prevents the one end portion 41a
of the vibrator 41 inserted in the cylinder-side one end
portion 341a from being rotated relative to the cylinder
member 301 around the axis of the cylinder member 301.
[0102] The edge end portion 41n has a columnar
shape. The edge end portion 41n has the held portion
41c. This held portion 41c is a protrusion portion formed
by part of the edge end portion 41n diametrically protrud-
ing relative to the planar portion 411m. The length of the
edge end portion41nincluding the held portion41cis W1.

[Connection Mechanism 300 provided in Vibrator 41]

[0103] AsshowninFIG. 9, the connection mechanism
300 includes the cutout end portion 41m and the edge
end portion 41n that constitute the one end portion 41a
of the vibrator 41, and the held portion 41c formed in the
edge end portion 41n.

[Connection Mechanism 300 provided in Probe 51]

[0104] As shown in FIG. 9, the protrusion portion 51h
is omitted. In other respects, the connection mechanism
300 provided in the probe 51 is similar in configuration
to that according to the first embodiment.

[Cylinder Member 301]

[0105] As shown in FIG. 9, the cylinder member 301
has an opening portion 307 which is provided in the cir-
cumferential surface of the cylinder-side one end portion
341a of the cylinder member 301 and which is in com-
munication with the inside the cylinder member 301 and
the prevention mechanism 600 provided on the inner cir-
cumferential surface of the cylinder-side one end portion
341a. The opening portion 307 is provided so that the
one end portion 41a of the vibrator 41 slides on the cyl-
inder member 301 in the diametrical direction of the cyl-
inder member 301 and is thereby inserted into the cylin-
der member 301 and provided in the cylinder member
301.

[0106] As shown in FIG. 9, the opening portion 307 is
formed by a cutout opening portion 309 in which the cut-
out end portion 41m is inserted and provided in the cyl-
inder member 301 in the diametrical direction of the cyl-
inder member 301, and an edge end opening portion 311
in which the edge end portion 41n is inserted and pro-
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vided in the cylinder member 301 in the diametrical di-
rection of the cylinder member 301.

[0107] As shown in FIG. 9, the cutout opening portion
309 is regulated by protruding toward the central axis of
the cylinder member 301 so that an edge portion 341f of
the cylinder-side one end portion 341a is substantially
U-shaped and so that the inner circumferential surface
of the edge portion 34 1f will come into abutment with the
held portion 41c formed in the planar portion 411m and
the cutout end portion 41m. In other words, the inner
circumferential surface of the edge portion 341f has two
planar portions 341g which are substantially the same
size as the planar portion 411m, and a circumferential
surface 341h which is substantially the same size as part
of the circumferential surface of the cutout end portion
41m. The cutout opening portion 309 is then regulated
by the planar portions 341g and the circumferential sur-
face 341h.

[0108] The cutout opening portion 309 is substantially
the same size as the cutout end portion 41m, and posi-
tions the cutout end portion 41m.

[0109] The protruding amount of the edge portion 341f
is substantially the same as the depressing amount of
the planar portion 411m and the protruding amount of
the held portion 41c.

[0110] In the axial direction of the cylinder member
301, the length of the edge portion 341f is substantially
the same as the length L4 of the planar portion 411m.
[0111] Inthe diametrical direction of the cylinder mem-
ber 301, the length of the planar portion 341g is substan-
tially the same as the length L3 of the planar portion
411m.

[0112] Asshownin FIG. 11C and FIG. 11D, when the
cutoutend portion 41mis inserted into the cutout opening
portion 309 in the diametrical direction of the cylinder
member 301, the planar portion411mslides on the planar
portion 341g, and the circumferential surface of the cut-
out end portion 41m comes into abutment with the cir-
cumferential surface 341h.

[0113] AsshowninFIG.11C and FIG. 11D, the planar
portion 341g comes into abutment with the planar portion
411m, and thereby prevents the one end portion41a from
being rotated relative to the cylinder member 301. Thus,
the planar portion 341g, the circumferential surface 341h,
and the cutout opening portion 309 function as the pre-
vention mechanism 600 which is provided on the inner
circumferential surface of the cylinder-side one end por-
tion 341a and which prevents the one end portion 41a of
the vibrator 41 inserted in the cylinder-side one end por-
tion 341afrom being rotated relative to the cylinder mem-
ber 301 around the axis of the cylinder member 301.
[0114] AsshowninFIG.9andFIG. 11D, the protruding
edge portion 341f functions as the cylinder-side protru-
sion portion 341c which comes into abutment with the
held portion 41c when the edge end portion 41n is insert-
ed and provided in the cylinder member 301 via the edge
end opening portion 311 in the diametrical direction of
the cylinder member 301. The cylinder-side protrusion
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portion 341c comes into abutment with the held portion
41c, and thereby prevents the one end portion 41a from
being removed from the cylinder-side one end portion
341a of the cylinder member 301.

[0115] The edge end opening portion 311 is substan-
tially the same size as the edge end portion 41n, and
positions the edge end portion 41n.

[0116] Thus, the opening portion 307 is provided so
that the one end portion 41a of the vibrator 41 slides on
the cylinder member 301 via the opening portion 307 in
the diametrical direction of the cylinder member 301 and
is thereby inserted into the cylinder member 301, so that
the inserted held portion 41c is provided between the end
face 511a and the cylinder-side protrusion portion 341c
in the axial direction of the cylinder member 301, and so
that the rotation of the inserted one end portion 41a of
the vibrator 41 relative to the cylinder member 301 around
the axis of the cylinder member 301 is prevented by the
prevention mechanism 600.

[0117] Thus, since the rotation of the one end portion
41a of the vibrator 41 is prevented, the cylinder-side pro-
trusion portion 341c is provided so that the held portion
41c is held by the end face 511a and the cylinder-side
protrusion portion 341c when the one end portion 51a of
the probe 51 is rotated relative to the cylinder member
301 around the axis of the cylinder member 301 and then
further inserted into the cylinder member 301 so that the
width W1 which is the distance between the end face
511a and the cylinder-side protrusion portion 341c is re-
duced.

[Production Method for Generating/Transmitting Unit
200]

[Step 11 - Process of Temporarily Connecting Cylinder
Member 301 and Probe 51 - FIG. 10, FIG. 11A, and FIG.
11B]

[0118] Step 11 is substantially similar to Step 1.
[0119] The one end portion 51a of the probe 51 is in-
serted into the cylinder member 301 from the cylinder-
side other end portion 351a as shown in FIG. 11A while
the probe-side connection portion 51g and the cylinder-
side connection portion 351g are connected to each other
in the axial direction of the cylinder member 301 so that
the end face 511a is provided at a distance equal to or
more than the width W1 from the cylinder-side protrusion
portion 341c functioning as the edge portion 341f in the
axial direction of the cylinder member 301 as shown in
FIG. 11B. Here, the one end portion 51a is inserted into
the cylinder member 301 if one of the one end portion
51a and the cylinder-side other end portion 351a is, for
example, rotated halfway relative to the other.
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[Step 12 - Process of Inserting and Temporarily Connect-
ing Vibrator 41 into Cylinder Member 301 - FIG. 11C and
FIG. 11D]

[0120] The one end portion 41a slides on the cylinder
member 301 via the opening portion 307 in the diamet-
rical direction of the cylinder member 301 and is thereby
inserted into the cylinder member 301 as shown in FIG.
11C and FIG. 11D so that the inserted held portion 41c
is provided between the end face 511a and the cylinder-
side protrusion portion 341c in the axial direction of the
cylinder member 301 and so that the rotation of the in-
serted one end portion 41a of the vibrator 41 relative to
the cylinder member 301 around the axis of the cylinder
member 301 is prevented by the prevention mechanism
600.

[0121] More specifically, the cutout end portion 41m is
inserted from the cutout opening portion 309 and then
provided in the cutout opening portion 309 as shown in
FIG. 11C and FIG. 11D, and at the same time, the edge
end portion 41n is inserted into the edge end opening
portion 311 and provided in the edge end opening portion
311.

[0122] Here, as shown in FIG. 11D, the planar portion
411m of the cutout end portion 41m slides on the planar
portion 341g, and the circumferential surface 341h
comes into abutment with the circumferential surface of
the cutout end portion 41m. As a result, the rotation of
the one end portion 41a relative to the cylinder member
301 is prevented.

[0123] Atthe same time, the held portion 41c slides on
the cylinder-side protrusion portion 341c functioning as
the edge portion 341f. The removal of the one end portion
41a from the one end portion of the cylinder member 301
is prevented.

[Step 13 - Process of Connecting Vibrator 41 and Probe
51 - FIG. 11E]

[0124] The one end portion 51a of the probe 51 is ro-
tated around the axis of the cylinder member 301 and
further inserted into the cylinder member 301 so that the
width W4 which is the distance between the end face
511a and the cylinder-side protrusion portion 341c is re-
duced to the width W1 and so that the held portion 41¢
is held between the end face 511a and the cylinder-side
protrusion portion 341c in the axial direction of the cylin-
der member 301, as shown in FIG. 11E. For example,
the one end portion 51a of the probe 51 is rotated halfway
counterclockwise relative to the cylinder member 301.
[0125] Here, from the condition in Step 11, the one end
portion 51a of the probe 51 is further inserted into the
cylinder-side other end portion 351a.

[0126] When the held portion 41c is held by the end
face 511a and the cylinder-side protrusion portion 341c
functioning as the edge portion 34 1f, the held portion 41c
is in close contact with the end face 511a without any
space therebetween, and in close contact with the cylin-
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der-side protrusion portion 341c¢ functioning as the edge
portion 341f without any space therebetween. Thus, the
vibrator 41 and the probe 51 are firmly connected to each
other without being out of alignment in the axial direction
and the circumferential direction.

[0127] Since the planar portion 341g comes into abut-
ment with the planar portion 411m, the vibrator 41 and
the probe 51 are more firmly connected to each other
without being out of alignment in the circumferential di-
rection.

[Step 14 - Process of Disconnecting Vibrator 41 and
Probe 51]

[0128] From the condition in Step 13 shown in FIG.
11E, the one end portion 51a of the probe 51 is rotated,
for example, halfway clockwise relative to the cylinder
member 301 so that the end face 511a will be separated
from the held portion 41c and the held portion 41c will be
released from the condition in which the held portion 41¢
is held between the end face 511a and the cylinder-side
protrusion portion 341c functioning as the edge portion
3411,

[0129] The one end portion 41a of the vibrator 41 then
slides onthe cylinder member 301 via the opening portion
307 in the diametrical direction of the cylinder member
301 and is thereby removed from the cylinder member
301 as shown in FIG. 11C and FIG. 11D.

[Advantageous Effects]

[0130] Thus, accordingtothe presentembodiment, the
one end portion 41a of the vibrator 41 slides on the cyl-
inder member 301 via the opening portion 307 in the di-
ametrical direction of the cylinder member 301, so that
advantageous effects similar to those according to the
first embodiment can be obtained even if the one end
portion 41a of the vibrator 41 is inserted into or removed
from the cylinder member 301.

[0131] Accordingtothe firstand second embodiments,
the vibrator 41 which is one part constituting the gener-
ating/transmitting unit 200 and the probe 51 which is the
other part constituting the generating/transmitting unit
200 have been described by way of example in the op-
eration of connecting and disconnecting the parts con-
stituting the generating/transmitting unit 200. However,
the present invention does not need to be limited to this.
For example, when the probe 51 is formed by more than
one component, the first and second embodiments are
applicable to both the connection and disconnection of
one component and the other component.

[0132] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the spe-
cific details and representative embodiments shown and
described herein. Accordingly, various modifications
may be made without departing from the spirit or scope
of the general inventive concept as defined by the ap-



25 EP 2 859 857 A1 26

pended claims and their equivalents.

Claims

A connection mechanism for an ultrasonic-vibration
generating/transmitting unit, the connection mecha-
nism being provided in each of parts constituting the
ultrasonic-vibration generating/transmitting  unit
which generates and transmits ultrasonic vibration,
the connection mechanism connecting the parts to
each other to form the ultrasonic-vibration generat-
ing/transmitting unit, the connection mechanism
comprising:

one end portion representing one end portion of
one of the parts;

a held portion which is provided on the outer
circumferential surface of the one end portion
and which is provided along the circumferential
direction of the one end portion;

other end portion representing one end portion
of the other part which is connected to the one
end portion;

other connection portion which is provided on
the outer circumferential surface of the other end
portion and which is provided over the circum-
ference of the other end portion along the cir-
cumferential direction of the other end portion;
and

a cylinder member, the cylinder member com-
prising a cylinder-side one end portion into which
the one end portion is inserted, a cylinder-side
other end portion into which the other end por-
tion is inserted, a cylinder-side protrusion por-
tion which is provided on the inner circumferen-
tial surface of the cylinder-side one end portion
and which protrudes inward from the inner cir-
cumferential surface and which is provided
along the circumferential direction of the cylin-
der-side one end portion, and a cylinder-side
connection portion which is provided on the in-
ner circumferential surface of the cylinder-side
other end portion and which is provided over the
circumference of the cylinder-side other end
portion along the circumferential direction of the
cylinder-side other end portion,

wherein when the one end portion is inserted
into the cylinder member from the cylinder-side
one end portion and when the other end portion
is inserted into the cylinder member from the
cylinder-side other end portion so that the other
connection portion is connected to the cylinder-
side connection portion, the held portion is held
by the end face of the other end portion and the
cylinder-side protrusion portion in the axial di-
rection of the cylinder member, whereby the one
end portion and the other end portion are con-
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nected to each other.

The connection mechanism for the ultrasonic-vibra-
tion generating/transmitting unit according to claim
1, wherein when the other end portion is inserted
into the cylinder member from the cylinder-side other
end portion so thatthe other end portionis connected
to the cylinder-side connection portion, the cylinder-
side protrusion portion is provided at a distance
greater than a width W1 of the held portion from the
end face of the other end portion in the axial direction
of the cylinder member.

The connection mechanism for the ultrasonic-vibra-
tion generating/transmitting unit according to claim
2, further comprising an abutment portion which is
provided on the outer circumferential surface of the
one end portion and which comes into abutment with
the cylinder-side protrusion portion in the circumfer-
ential direction of the cylinder member when the held
portion is held by the end face of the other end portion
and the cylinder-side protrusion portion,

wherein when the one end portion is inserted into
the cylinder member from the cylinder-side one end
portion along the axial direction of the cylinder mem-
ber,

the held portion is provided between the end face of
the other end portion and a plane where the cylinder-
side protrusion portion is provided in the axial direc-
tion of the cylinder member, and

the abutment portion is provided collinearly with the
cylinder-side protrusion portion in the circumferential
direction of the cylinder member.

The connection mechanism for the ultrasonic-vibra-
tion generating/transmitting unit according to claim
3, wherein when the one end portion is rotated rel-
ative to the cylinder member around the axis of the
cylinder member after the insertion of the one end
portion into the cylinder member from the cylinder-
side one end portion, in the circumferential direction
of the cylinder member,

the abutment portion comes into abutment with the
cylinder-side protrusion portion, and in this abutment
condition, the held portion is provided between the
end face of the other end portion and the cylinder-
side protrusion portion in the axial direction of the
cylinder member.

The connection mechanism for the ultrasonic-vibra-
tion generating/transmitting unit according to claim
4, wherein when at least one of the one end portion
and the other end portion is rotated relative to the
cylinder member around the axis of the cylinder
member and then further inserted into the cylinder
member so that a distance W4 between the end face
of the other end portion and the cylinder-side protru-
sion portion is reduced, the held portion is held be-
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tween the end face of the other end portion and the
cylinder-side protrusion portion.

The connection mechanism for the ultrasonic-vibra-
tion generating/transmitting unit according to claim
5, further comprising:

a depression portion provided in one of the end
face of the one end portion and the end face of
the other end portion; and

a protrusion portion which is provided in the oth-
er of the end face of the one end portion and the
end face of the other end portion and which is
fitted into the depression portion when the one
end portion and the other end portion are insert-
ed into the cylinder member.

The connection mechanism for the ultrasonic-vibra-
tion generating/transmitting unit according to claim
2, further comprising a prevention mechanism which
is provided on the inner circumferential surface of
the cylinder-side one end portion and the outer cir-
cumferential surface of the one end portion and
which prevents the one end portion inserted in the
cylinder-side one end portion from being rotated rel-
ative to the cylinder member around the axis of the
cylinder member,

wherein the cylinder member further comprises an
opening portion which is provided in the circumfer-
ential surface of the cylinder-side one end portion
and which is in communication with the inside of the
cylinder member and the prevention mechanism
provided on the inner circumferential surface of the
cylinder-side one end portion, and

the opening portion is provided so that the one end
portion slides on the cylinder member via the open-
ing portion in the diametrical direction of the cylinder
member and is thereby inserted into the cylinder
member, so that the inserted held portion is provided
between the end face of the other end portion and
the cylinder-side protrusion portion in the axial direc-
tion of the cylinder member, and so that the rotation
ofthe inserted one end portion relative to the cylinder
member around the axis of the cylinder member is
prevented by the prevention mechanism.

The connection mechanism for the ultrasonic-vibra-
tion generating/transmitting unit according to claim
7, wherein when the other end portion is further in-
serted into the cylinder member from the cylinder-
side other end portion so that a width W4 which is
the distance between the end face of the other end
portion and the cylinder-side protrusion portion is re-
duced, the held portion is held between the end face
of the other end portion and the cylinder-side protru-
sion portion.

A production method for an ultrasonic-vibration gen-
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erating/transmitting unitto connect parts constituting
the ultrasonic-vibration generating/transmitting unit
which generates and transmits ultrasonic vibration
to form the ultrasonic-vibration generating/transmit-
ting unit,

wherein there are provided:

one end portion representing one end portion of
one of the parts;

a held portion which is provided on the outer
circumferential surface of the one end portion
and which is provided along the circumferential
direction of the one end portion;

other end portion representing one end portion
of the other part which is connected to the one
end portion;

other connection portion which is provided on
the outer circumferential surface of the other end
portion and which is provided over the circum-
ference of the other end portion along the cir-
cumferential direction of the other end portion;
and

a cylinder member, the cylinder member com-
prising a cylinder-side one end portion into which
the one end portion is inserted, a cylinder-side
other end portion into which the other end por-
tion is inserted, a cylinder-side protrusion por-
tion which is provided on the inner circumferen-
tial surface of the cylinder-side one end portion
and which protrudes inward from the inner cir-
cumferential surface and which is provided
along the circumferential direction of the cylin-
der-side one end portion, and a cylinder-side
connection portion which is provided on the in-
ner circumferential surface of the cylinder-side
other end portion and which is provided over the
circumference of the cylinder-side other end
portion along the circumferential direction of the
cylinder-side other end portion,

the production method comprising a process of
connecting one of the part and the other part,
the connection process comprising inserting
one end portion into the cylinder member from
the cylinder-side one end portion so that the held
portion is held by the end face of the other end
portion and the cylinder-side protrusion portion
in the axial direction of the cylinder member, in-
serting the other end portion into the cylinder
member from the cylinder-side other end portion
sothatthe other connection portion is connected
to the cylinder-side connection portion, and
thereby connecting the one end portion and the
other end portion to each other.

10. The production method for the transmitting unit ac-

cording to claim 9, further comprising a process of
temporarily connecting the cylinder member and the
other part wherein the other end portion is inserted
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into the cylinder member from the cylinder-side other
end portion while the other end portion is connected
to the cylinder-side connection portion so that the
end face of the other end portion is provided at a
distance greater than a width W1 of the held portion
from the cylinder-side protrusion portion in the axial
direction of the cylinder member.

The production method for the transmitting unit ac-
cording to claim 10, wherein there are further pro-
vided an abutment portion which is provided on the
outer circumferential surface of the one end portion
and which comes into abutment with the cylinder-
side protrusion portion in the circumferential direc-
tion of the cylinder member when the held portion is
held by the end face of the other end portion and the
cylinder-side protrusion portion,

the production method further comprising a process
of inserting one of the parts into the cylinder member
wherein the one end portion is inserted into the cyl-
inder member from the cylinder-side one end portion
so that the held portion is provided between the end
face of the other end portion and a plane where the
cylinder-side protrusion portion is provided in the ax-
ial direction of the cylinder member and so that the
abutment portion is provided collinearly with the cyl-
inder-side protrusion portion in the circumferential
direction of the cylinder member.

The production method for the transmitting unit ac-
cording to claim 11, further comprising a process of
temporarily connecting the cylinder member and one
of the parts wherein the one end portion is rotated
relative to the cylinder member around the axis of
the cylinder member after the insertion of the one
end portion into the cylinder member from the cylin-
der-side one end portion so that the abutment portion
comes into abutment with the cylinder-side protru-
sion portion in the circumferential direction of the cyl-
inder member, and in this abutment condition, the
held portion is provided between the end face of the
other end portion and the cylinder-side protrusion
portion in the axial direction of the cylinder member.

The production method for the transmitting unit ac-
cording to claim 12, further comprising a connection
process wherein at least one of the one end portion
and the other end portion is rotated around the axis
of the cylinder member and then further inserted into
the cylinder member so that a width W4 which is the
distance between the end face of the other end por-
tion and the cylinder-side protrusion portion is re-
duced and so that the held portion is held between
the end face of the other end portion and the cylinder-
side protrusion portion in the axial direction of the
cylinder member.

The production method for the transmitting unit ac-
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cording to claim 10, wherein there are further pro-
vided a prevention mechanism which is provided on
the inner circumferential surface of the cylinder-side
one end portion and the outer circumferential surface
of the one end portion and which prevents the one
end portioninserted in the cylinder-side one end por-
tion from being rotated relative to the cylinder mem-
ber around the axis of the cylinder member, and
the cylinder member further comprises an opening
portion which is provided in the circumferential sur-
face of the cylinder-side one end portion and which
is in communication with the inside of the cylinder
member and the prevention mechanism provided on
the inner circumferential surface of the cylinder-side
one end portion,

the production method further comprising a process
of inserting and temporarily connecting one of the
parts into the cylinder member wherein the one end
portion slides on the cylinder member via the open-
ing portion in the diametrical direction of the cylinder
member and is thereby inserted into the cylinder
member so that the held portion is provided between
the end face of the other end portion and the cylinder-
side protrusion portion in the axial direction of the
cylinder member and so that the rotation of the in-
serted one end portion relative to the cylinder mem-
ber around the axis of the cylinder member is pre-
vented by the prevention mechanism.

The production method for the transmitting unit ac-
cording to claim 14, further comprising a connection
process wherein the other end portion is rotated
around the axis of the cylinder member and then
further inserted into the cylinder member so that a
width W4 which is the distance between the end face
of the other end portion and the cylinder-side protru-
sion portion is reduced and so that the held portion
is held between the end face of the other end portion
and the cylinder-side protrusion portion in the axial
direction of the cylinder member.
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